We compile a sample of 93 long gamma-ray bursts (GRBs) from Fermi satellite and 131 from Konus-Wind, which have measured redshifts and well determined spectra, and estimate their pseudo Lorentz factors (Γ 0 ) using the tight L iso -E p -Γ 0 correlation. The statistical properties and pair correlations of temporal and spectral parameters are studied in the observer frame, rest frame and comoving frame, respectively. We find that the distributions of the duration, peak energy, isotropic energy and luminosity in the different frames are basically lognormal, and their distributions in the comoving frame are narrow, clustering around T
INTRODUCTION
Gamma-ray bursts (GRBs) are the most luminous explosions in the universe (see e.g., Piran 2004; Mészáros 2006; Zhang 2007) . According to the traditional classification schemes, GRBs can be divided into long bursts (longer than 2.0 seconds) and short ones (shorter than 2.0 seconds), based on the wellknown bimodal distribution of their durations (Kouveliotou et al. 1993) . The observed spectra of GRBs are typically fitted by an empirical smoothly jointed broken power-law function, the so-called Band function (Band et al. 1993) , characterized by a peak energy (E p,obs ) in the νF ν spectrum. A variety of empirical relations involved the rest frame peak energy, E p = E p,obs (1 + z), have been discussed. For example, Amati et al. (2002) found a tight correlation between the rest frame isotropic gamma-ray energy E iso and E p (so called Amati relation). A similar correlation was found between the isotropic luminosity L iso and E p (Wei & Gao 2003; Yonetoku et al. 2004 , so called Yonetoku relation). Ghirlanda et al. (2004) found a tighter relation by replacing E iso with the geometrically corrected energy of the GRB jets. These correlations not only give important clues to understand GRB physics (even though some correlations still lack straightforward theoretical interpretations; see e.g., Fan et al. 2012 ), but also provide new ways to constrain cosmological parameters (e.g., Wang et al. 2015 for a recent review).
The intrinsic properties of GRBs with measured redshifts have been extensively investigated, but the additional correction of the initial Lorentz factor (Γ 0 ) is still to be considered. Γ 0 is a key parameter to better understand the physics of GRBs. Several methods have been developed to estimate the value of Γ 0 based on different hypotheses (Lithwick & Sari 2001; Pe'er et al. 2007; Molinari et al. 2007; Gupta & Zhang 2008; Liang et al. 2010; Ryde et al. 2010; Zou et al. 2015) . Although the number of GRBs with estimated Γ 0 is still limited, several interesting correlations involving Γ 0 have been reported in the literature. For example, Liang et al. (2010) discovered a correlation between Γ 0 and E iso (see also Ghirlanda et al. 2012 ) . Lü et al. (2012) and Fan et al. (2012) showed that L iso is also correlated with Γ 0 . Ghirlanda et al. (2012) further analyzed the spectrum-energy correlation in the comoving frame and found that these correlations still exist (see also Ghirlanda et al. 2018) . Recently, Liang et al. (2015) reported a strong three-parameter correlation among L iso (E iso ), E p and Γ 0 . This correlaion provides a simple way to estimate the initial Lorentz factor of GRBs, and gives us an opportunity to analyze the intrinsic properties of GRBs in the comoving frame with a reasonable large sample.
In this paper, we compile a long GRB sample with known redshift and well measured spectra observed by two satellites, Fermi (Atwood et al. 2009 ) and Konus-Wind (hereafter KW, Aptekar et al. 1995) , and obtain the pseudo values of Γ 0 for 225 long GRBs using the L iso -E p -Γ 0 correlation found by Liang et al. (2015) . We analyze the distributions of temporal and spectral characteristics of long GRBs in different frames, and study the pair correlations of all quantities. The data selection and sample are presented in section 2. The results are shown in section 3. Summary and discussion are given in section 4. The cosmological constants in this paper are h = 0.71, Ω M = 0.27, Ω Λ = 0.73. The symbolic notation Q n = Q/10 n is adopted.
SAMPLE AND DATA ANALYSIS
In order to investigate the intrinsic properties of GRBs, a sample of GRBs with measured redshift z and well constrained spectral parameters is needed. We concentrate our analysis on the GRBs detected by the Fermi and KW detectors. Some GRBs observed by other detectors such as BeppoSAX, HETE-2, Integral, are not considered in this paper to minimize the influence of different instruments (with different sensitivities and energy bands). The Fermi GRBs are selected from the Fermi catalog 1 till the end of December 2017, in total there are 2233 events. Firstly, we choose the bursts with well measured spectral parameters and known redshifts. 2 The traditional criteria of long GRBs (T 90 > 2 s) has been used and then we have 95 long GRBs. Among them, GRB 100816A and GRB 170817A with durations of 2.045 s and 2.048 s, have been classified as short bursts, which are thus excluded from our sample. Our Fermi sample thus contains 93 GRBs, as summarized in Table 1 . Using the same selection criteria, we have a KW sample consisting of 131 long GRBs (see Table 2 ). The KW data are mainly taken from Tsvetkova et al. (2017) and the GCN reports (GCN Circular Archive). In addition, we note that there are 46 overlapped GRBs in the two samples.
Below we estimate the rest frame parameters. In this paper, both E iso and L iso are corrected to the energy band of 1 − 10 4 keV in the rest frame. The isotropic energy E iso is estimated as
where S γ is the time integral fluence, in units of erg cm −2 , D L is the luminosity distance, and k is the k-correction factor defined as k = 10 4 keV /(1+z)
1keV /(1+z)
Here e min and e max are the observational energy band of fluence, N(E) denotes the photon spectrum of GRBs. All the GRB spectra are assumed to be a Band function (Band et al. 1993) , defined as
where α is the low energy photon index, and β is the high energy photon index. E 0 is the break energy, E 0 = E p /(2 + α). The isotropic luminosity L iso is estimated as
here F p is the peak flux, in units of erg cm −2 s −1 . The rest frame peak energy E p and duration T 90 are estimated as
and T 90 = T 90,obs /(1 + z).
All the errors of these quantities are calculated by the error propagation formula. The initial Lorentz factor Γ 0 can be derived from L iso and E p (Liang et al. 2015) as Γ 0 = 10 3.33 L 0.46 iso,52 E p −0.43 .
Using the pseudo values of Γ 0 , we can further estimate the comoving frame isotropic energy E ′ iso , isotropic luminosity L ′ iso , spectrum peak energy E ′ p and duration T ′ 90 (Ghirlanda et al. 2012) , which are defied as
and T ′ 90 = T 90 Γ 0 .
The derived temporal and spectral results of Fermi sample and KW sample in the rest frame and comoving frame are listed in Table 3 and Table 4 , respectively.
3. RESULTS
Observer Frame
We analyze the distributions of the observed duration (T 90,obs ), spectrum peak energy (E p,obs ), fluence (S γ ), peak flux (F p ) and redshift (z) (see Figure 1 ). The Fermi sample and KW sample are shown as red and green step lines, respectively. It is clear that all the parameters follow the logarithm normal distributions. 3 We find that the values of E p,obs , S γ and F p of Fermi GRBs are systematically smaller than those of KW GRBs. On the contrary, the observed durations of Fermi GRBs are longer. To give a quantitative result, we make a Gaussian fitting and list the results in Table 5 . For Fermi (KW) sample, the median values of T 90,obs , E p,obs , S γ and F p are ∼41 (30) s, ∼162 (231) keV, ∼ 1.6 (4.2) × 10 −5 erg cm −2 and ∼ 1.6 (4.8) × 10 −6 erg cm −2 s −1 , respectively. In addition, the dispersions of E p,obs , S γ and F p distributions for Fermi GRBs are larger than those of KW GRBs. This indicates that the ranges of the parameter distributions of Fermi GRBs are wider than those of KW sample. We also present the distribution of z (see the last panel in Figure 1 ). It shows that the distribution ranges of redshift in two samples are basically consistent. The median value of z is ∼1.3. To check if the samples have selection effect, the distribution of z for all 412 long GRBs with measured redshift is analyzed and showed in the last panel of Figure 1 . The typical value of z for all long GRBs is ∼1.48. From the figure, one can find that the z distributions of our samples are basically consistent with all long GRBs.
The difference of observed properties for two samples may be due to the different energy band of instruments. The detected energy band of Fermi/GBM (8-1000 keV) is lower than KW (10-10000 keV), so that, on average, the values of E p , S γ and F p are smaller for Fermi GRBs. It is known that the durations of GRBs strongly depend on the energy band, with an index of -0.4 (Fenimore et al. 1995; Norris et al. 1996; Zhang et al. 2007; Bissaldi 2011; Qin et al. 2013) , and the instrument selection biases (e.g., Bromberg et al. 2013; Kocevski & Petrosian 2013 ). The energy band to calculate the duration of Fermi/GBM (8-1000 keV) is lower than that of KW (80-1200 keV). Therefore, the durations of Fermi GRBs should be longer. To further confirm this result, we make the distribution analysis of 46 GRBs observed simultaneously by two detectors (see in Figure 2 ). From the Figure 2 one can find that the most GRB durations derived from Fermi detector are obviously longer than those calculated from KW. In addition, S γ and F p derived from Fermi detector are smaller.
Rest Frame
The statistical properties and correlations of GRBs in the rest frame have been widely studied. We firstly present the distributions of E iso , L iso , E p and T 90 in Figure 3 . It shows that these four quantities are basically logarithmic normal distributions and are similar with those in the observer frame. This indicates that the observed distribution profiles are not significantly affected by the redshift distribution. In the same way, we make a lognormal test and a Gaussian fit and show the results in Table 5 . From the results, we have E iso ∼ 0.99 (1.75) × 10 53 erg, σ ∼0.86 (0.77), L iso ∼ 2.4 (4.9)×10 52 erg s −1 , σ ∼0.87 (0.80), E p ∼406 (562) keV, σ ∼0.46 (0.36), and T 90 ∼16.3 (12.3) s, σ ∼ 0.51 (0.51) for Fermi (KW) sample, respectively.
The spectrum-energy correlation of GRBs is a very important relation in GRB research field and has been discussed extensively. The E p -E iso and E p -L iso relations are analyzed and shown in the top panel of Figure 4 . From this figure, one can find the two samples almost have the same properties, so we combine two samples together to make a quantitative analysis and obtain E p ∝ E iso 0.36±0.03 , with the correlation coefficient r = 0.71, the chance probability p < 10 −4 and the dispersion σ = 0.58, and E p ∝ L iso 0.34±0.03 (r = 0.71, p < 10 −4 and σ = 0.57), where the data of 46 overlapped bursts are taken from Fermi. Our results are consistent with the previous finding presented in the literature (e.g., Amati et al. 2008; Ghirlanda et al. 2009; Zhang et al. 2009; Zhang et al. 2012) .
In addition, we analyze the relations of other quantities and also present the results in Figure 4 . We find that E p is not correlated with T 90 , which indicate that the spectral hardness is independent of the duration for long GRBs. There exists a weak correlation between E iso and T 90 with r = 0.17, but L iso and T 90 are anti-correlated, with r = −0.20. There is a tight correlation between E iso and L iso with r = 0.9, but GRB 130925A deviates this relation.
Properties of Γ 0
The pseudo Lorentz factors have been estimated from the three-parameter correlation L iso -E p -Γ 0 (Liang et al. 2015 ), so we can study the distribution of Γ 0 and the relations between Γ 0 and other quantities. Figure  5 shows the distribution of Γ 0 for Fermi and KW sample. There is a typical value of Γ 0 as ∼ 240 (300) for Fermi (KW) sample, and a small dispersion σ ∼ 0.3 (0.28) shown in Table 1 . Ghirlanda et al. (2012) discussed the distribution of Γ 0 in homogeneous ISM (H) and wind density profile (W) case and obtained Γ 0 (H, W) ∼ 138 (66), σ ∼ 0.17 (0.2). The reconstructed distribution of Γ 0 by Ghirlanda et al. (2018) has the median value ∼ 300 (150). Our results are consistent with the previous findings and the theoretical predictions (see Piran 2004) .
The values of Γ 0 are derived from L iso and E p , so these three quantities should be correlated (see in Table  6 ). The relations between Γ 0 and E iso (T 90 ) are analyzed and shown in Figure 6 . From this figure we find that there is a tight correlation between Γ 0 and E iso , with a correlation coefficient r = 0.77. We parametrize the correlation and obtain log E iso,52 = (−4.10 ± 0.33) + (2.15 ± 0.13) × logΓ 0 , which is consistent with the result of Liang et al. (2015) . We also find there is a trend that the intrinsic duration is anticorrelated with the Γ 0 . The parameterized result is log T 90 = (2.20 ± 0.30) + (−0.44 ± 0.12) × logΓ 0 , where the correlation coefficient is r = −0.26.
Comoving Frame
The properties of GRBs in the rest frame can not fully reflect the real physical processes, so the intrinsic properties in the comoving frame need to be investigated. Using the pseudo Lorentz factor, we obtain the parameters in the comoving frame and analyze their properties. We show the distributions of the isotropic energy E ′ iso , isotropic luminosity L ′ iso , spectrum peak energy E ′ p and duration T ′ 90 in the comoving frame (see in Figure 7 ). As shown in Figure 7 , these four quantities basically follow the lognormal distributions. Fitting these distributions we have the median value of E ′ iso ∼ 4 (6) × 10 50 erg , with a dispersion of σ ∼ 0.67 (0.58) and the median value of L ′ iso ∼ 3 (4) × 10 47 erg s −1 , with a dispersion of σ ∼ 0.45 (0.35) for Fermi (KW) sample. The typical values of the comoving frame isotropic energy and isotropic luminosity are consistent with the results of Ghirlanda et al. (2018) . We also find that the dispersions in the comoving frame are smaller than those in the rest frame. This indicates that the intrinsic energy and luminosity tend to be concentrated. In addition, we obtain the typical values of E ′ p and T ′ 90 are ∼ 2 keV and ∼ 4000 s, respectively. The dispersions of these two quantities are large and similar to which in the rest frame, even a little bigger than those in the observer frame. This shows that the intrinsic peak energies and durations are not the same for the different long GRBs.
It is well known that long GRBs basically comply with E p -E iso and E p -L iso correlations. Ghirlanda et al. (2012) found that these two correlations still exist in the comoving frame (see also Liang et al. 2015) . 0.25±0.05 with r = 0.38 and σ = 0.76. This results further confirm that the spectrum-energy relations do exist in the comoving frame, but have very large dispersions, suggesting that the observed strong spectrum-energy correlations in the rest frame are likely governed by the Doppler boosting effect. From Figure 8 , we also find that the comoving peak energy E ′ p is independent of the duration T ′ 90 . This is consistent with the result in the rest frame. It further confirms that the hardness and duration of long GRBs are independent quantities and describe the different physical processes. In addition, we also find there exists a tight relation between the isotropic energy E ′ iso and the duration T We also analyze the relations between Γ 0 and all the comoving frame quantities and report the results in Figure 9 and Table 6 . It is found that E ′ iso , L ′ iso and T ′ 90 are weakly correlated with Γ 0 , but E ′ p is anticorrelated with Γ 0 . This indicate that the harder the spectra of long GRBs, the slower the bulk motion of fireball.
The redshift dependence
It is known that the distributions of the isotropic energy, luminosity and peak energy, and their statistical correlations in the rest frame are affected by the severe truncation mainly due to the detection flux and energy limit of the telescope. Figure 10 . shows the relations between T 90 , E p , E iso and L iso and z. From this figure we can find that T 90 does not significantly depend on z 4 , but E iso , L iso and E p all depend on z, which are consistent with the previous results reported by many authors (e.g., Lloyd-Ronning et al. 2002; Wei & Gao 2003; Yonetoku et al. 2004; Wu et al. 2012; Salvaterra et al. 2012; Zhang et al. 2014) . To obtain the intrinsic distributions and correlations, the first step is to remove the effect of redshift evolution. A nonparametric τ statistical technique was widely used to resolve this problem (e.g., Lloyd-Ronning et al. 2002; Yonetoku et al. 2004; Wu et al. 2012; Dainotti et al. 2013 , 2015 , 2017 , Zhang et al. 2014 Petrosian et al. 2015; Tsvetkova et al. 2017) . We firstly consider E iso observed by Fermi as an example.
Consider a set of observable E iso,i and z i , where i indexes the ith burst and in our case i runs from 1 to 93. For the ith sample of (z i , E iso,i ), we consider an associated set of
in which the number of samples in the J i set is N i . The z i,lim is the redshift of the crossing point between two lines of E = E iso,i and the fluence limit corresponding to its "isotropic-equivalent-energy" limit. If z i and E iso,i are independent to each other, one would expect the number of the following sample
to be uniformly distributed between 1 and N i . To estimate the correlation degree between E iso and z, one may introduce the test statistic τ parameterized as
where E i = (N i + 1)/2 and V i = (N 2 i − 1)/12 are the expected mean and the variance of the uniform distribution, respectively.
If R i follows an ideal uniform distribution, then the samples of R i ≤ E i and R i ≥ E i should be equal, and thus the statistic parameter τ tends to be zero. Note that the τ value here has been normalized by the square root of variance, so the correlation degree z and E iso can be measured in units of standard deviation.
We take the simple form of g(z) = (1 + z) q in order to separate the isotropic energy evolution. The value E iso,c ≡ E iso /g(z) represents the isotropic energy after removing the evolution effect. When τ is not equal to zero, we change the q values until τ = 0 with a proper q. Finally, we find that the null hypothesis of the evolution is rejected at about 4.1 σ confidence level and there is a significant evolution for the isotropic energy, q E = 2.44 +0.59 −0.47 . The de-evolved isotropic energy E iso,c for Fermi sample can be obtained from E iso,c = E iso /(1 + z) Figure 10 , we choose 5 × 10 −7 erg cm −2 as the fluence limit, 2 × 10 −7 erg cm −2 s −1 as the flux limit and 30 keV as the lower limit of the observed peak energy for Fermi data, and 4 × 10 −6 erg cm −2
as the fluence limit, 6 × 10 −7 erg cm −2 s −1 as the flux limit and 60 keV as the lower limit of the observed peak energy for KW data.
5 Meanwhile, we can obtain the de-evolved luminosity and peak energy from
After eliminating the redshift evolution effect, the intrinsic distributions and correlations are analyzed and shown in Figures 11-14 . The statistical analysis results are listed in Table 5 and Table 7 . From these results, we find that the main conclusions are not significantly changed when the instrument biases are taken into account. But the pair correlations become slightly weaker in the rest frame and tighter in the comving frame. We also find that the isotropic energy, luminosity and peak energy both in the rest frame and comving frame are more concentrated. The median values are E iso,c ∼ 1 (4) × 10 52 erg, with a dispersion of σ ∼ 0.75 (0.65), L iso,c ∼ 2 (3) × 10 51 erg s −1 , σ ∼ 0.66 (0.65) and E p,c ∼ 160 (220) keV, σ ∼ 0.41 (0.30) for Fermi (KW) sample in the rest frame. In the comoving frame, we have E 
SUMMARY AND DISCUSSION
We compile a long GRB sample with the measured redshifts and well determined spectra observed by Fermi and Konus-Wind instruments. Using a tight L iso -E p -Γ 0 three-parameter correlation, we estimate the GRB initial Lorentz factors in our samples. The properties and correlations in the observer frame, rest frame and comoving frame are studied. We find that the distributions of the isotropic energy, luminosity, peak energy and duration in the different frame are basically lognormal and the comoving frame quantities are more concentrated. When the redshift evolution effect has been taken into account, we obtain the median values are E 8 2018). In addition, the peak energies of long GRBs are independent of durations both in the rest frame and in the comoving frame. And there is a weak anticorrelation between the peak energy and Lorentz factor.
It is known that short GRBs are also comply with the similar E iso -E p and L iso -E p correlations (e.g., Zhang et al. 2012), but both correlations for short GRBs are dimmer than those of Long GRBs (e.g., Tsutsui et al. 2013) . We wonder if the spectrum-energy correlation in the comoving frame also exist for short GRBs. However the Lorentz factors of short GRBs are not derived now, we cannot analyze the intrinsic properties of short GRBs in the comoving frame and this question need to be investigated in the future. Figure 3 . Distributions of the duration T 90 , spectrum peak energy E p , isotropic energy E iso and luminosity L iso in the rest frame. The red and green lines denote Fermi and KW sample, respectively. The dotted lines are Gaussian fitting curves. Figure 11 . Distributions of the de-evolved spectrum peak energy, isotropic energy and luminosity in the rest frame and comving frame. The other symbols are the same as Table 3 continued on next page b Redshift of our sample.
c Redshift of 412 long GRBs. Table 6 . The results of regression analysis for correlations in the rest frame and comoving frame, in which r is the correlation coefficient, p is the chance probability, and σ is the dispersion Relations Expressions r p σ E p (E iso ) log E p = (2.28 ± 0.04) + (0.36 ± 0.03) × log E iso,52 0.71 < 10 −4 0.58 E p (L iso ) log E p = (2.50 ± 0.03) + (0.34 ± 0.03) × log L iso,52 0.72 < 10 −4 0.57 T 90 (E iso ) log T 90 = (1.03 ± 0.06) + (0.10 ± 0.05) × log E iso,52 0.17 0.023 0.99 T 90 (L iso ) log T 90 = (1.20 ± 0.04) + (−0.12 ± 0.04) × log L iso,52 -0.20 0.008 0.98 L iso (E iso ) log L iso,52 = (−0.51 ± 0.05) + (0.94 ± 0.03) × log E iso,52 0.90 < 10 −4 0.75 E iso (Γ 0 ) log E iso,52 = (−4.10 ± 0.33) + (2.15 ± 0.13) × log Γ 0 0.77 Table 7 . The results of regression analysis for correlations in the rest frame and comoving frame after eliminating the redshit evolution, in which r is the correlation coefficient, p is the chance probability, and σ is the dispersion Relations Expressions r p σ E p,c (E iso,c ) log E p,c = (2.18 ± 0.02) + (0.30 ± 0.03) × log E iso,c,52 0.62 < 10 −4 0.56 E p,c (L iso,c ) log E p,c = (2.48 ± 0.03) + (0.34 ± 0.04) × log L iso,c,52 0.58 < 10 −4 0.58 T 90 (E iso,c ) log T 90 = (1.08 ± 0.04) + (0.21 ± 0.05) × log E iso,c,52 0.31 < 10 −4 0.95 T 90,c (L iso,c ) log T 90,c = (1.13 ± 0.05) + (−0.01 ± 0.06) × log L iso,c,52
-0.02 0.839 1.00 L iso,c (E iso,c ) log L iso,c,52 = (−0.81 ± 0.03) + (0.68 ± 0.03) × log E iso,c,52 0.83 < 10 −4 0.68 E iso,c (Γ 0 ) log E iso,c,52 = (−3.33 ± 0.37) + (1.49 ± 0.15) × log Γ 0 0.59 
